Amorphous/nanocrystalline alloys were prepared by centrifugal casting and mechanical milling and the amorphous fraction was analysed. Amorphous alloys have a typical X-ray Diffraction (XRD) pattern, because in these systems the degree of regularity of atomic positions is very small. Liquids and glasses generate only one ore more broad diffuse halos. In order to calculate the amorphous fraction value, the difference between the crystalline and the amorphous part of the parts needs to be realized. Furthermore, the measured values need to be smoothed before the determination of the degree of the amorphous fraction. A software developed by us, called GerKiDo can separate and calculate the amorphous fraction from the XRD pattern. These calculated values are compared to the results calculated by the software settled in the X-ray equipment and amorphous fraction measured by Differential Scanning Calorimetry (DSC). The evaluation of X-Ray diffractograms is often time-consuming and difficult. The motivation of this paper was to develop a cost effective, fast and useable method to define the amorphous fraction of samples produced by different technologies.
Introduction
There is an active research work in the field of amorphous alloys since the discovery of metallic glasses, half a century ago [1] . In contrast with crystalline alloys, amorphous one have unique material properties, e.g. high yield strength, superior elastic limit, high corrosion resistance, unique acoustical properties [2, 3] . Producing amorphous alloys, it is first necessary to quantify the forming of structure and define the amorphous amount. All of the methods to determine the structure have advantages and disadvantages. An accurate determination of amorphous volume fraction can be accomplished by transmission electron microscopy (TEM), this observation is much localized [4] and the evaluation is difficult. The most common techniques to determine the amorphous fraction are XRD and DSC methods, which reflect the entire sample [5] . However, XRD has a detection limit depending on the type of equipment. Apart from this fact, it is an admitted method in researches, if the XRD reflexion shows an amorphous halo. Amorphous fraction transformed to crystalline can be measured by DSC. This method is much sensitive to impurities, especially oxygen, which can influence on the results.
In this paper, we reported the evaluation of the amorphous fraction applied by EVA D8-Advance Bruker settled in the XRD equipment and the free Fityk software combined GerKiDo developed by us.
Experiments
Copper based master alloy ingots were produced by arc melting a mixture of pure metals under argon atmosphere (min. 99.99 w/w%) with Ti-getter. The ingots were remelted four times in order to ensure chemical homogeneity. The compositions of the samples given in atomic percent were detailed in Table 1 . Wedge-shaped samples were produced from the ingots by centrifugal casting into copper mould under argon atmosphere. The base of the wedge-shaped samples was 3 mm (maximum thickness); the length of the samples was 32 mm, and the width thereof was 20 mm. Parallel, the master alloy was grinded and fractioned to particle size below 320 µm for ball-milling. The mechanical milling was performed in a Pulverisette 5 high energy ball-mill in argon atmosphere using stainless steel vial and balls with a diameter of 5, 7 and 10 mm. The ball-to-powder ratio was 20:1. The overall process lasted 9 h and was interrupted at selected times (4 h, 5 h and 9 h). A suitable quantity of as-milled powders was extracted in order to examine the progress of the amorphization reaction. Characterization was obtained by a combination of techniques. The amorphous amount was identified by D8-Advance Bruker AXS X-ray diffractometer (XRD) using Co Kα radiation (λ=1.7903 nm). Thermal analysis was performed by a Netzsch 404 differential scanning calorimetry (DSC) at heating rates ranging from 0.67 K/s, under Ar atmosphere.
Results
A diffraction pattern records the X-ray intensity as a function of 2-theta angle. The intensity were measured from degree of 25 to 70, because the amorphous matrix did not scatter the X-ray photons above degree of 70 and the intensities of the crystalline parts were negligibly small. Two ways were used to calculate the amorphous fraction from the result of XRD measurement. The first one was a software settled in the XRD equipment, named EVA 11.0.0.3 which was developed by Bruker. First of all, the XRD curve was done taking into consideration of background. It is a necessary step, because without the correction for the background much of the trace is fit with nonsensical peaks. The raw data involve the background, which can be produced from many sources , such as various crystallite imperfections. It is important during the determination of the background to separate the interfering effect from intense diffuse scatter caused by short-range order in the amorphous alloys. The EVA XRD software provides a peak fitting procedure. The baseline was laid out and the rest (area upon the baseline) was subtracted from the intensity. The background can be subtracted by EVA automatically, as well, but can be controlled manually. Fig. 1 shows the raw and the background subtracted curves. The next step of the analysis is the peak finding. It is a quite subjective method, because the user divides crystallisation peaks from noises by picking peak intensities and positions graphically with the cursor on the computer screen. Automatic peak search can be performed by EVA, as well. The background subtracted curve of an amorphous/nanocrystalline alloy involves signal of both the amorphous and the crystalline phases. In order to determine the amorphous fraction (refer with Eq. 1), the traces of these phases need to be separated. The interfaces of the crystalline peak and the amorphous halo peak can be determined by the Bézier method, which uses a polynom of a higher degree. Fig. 2 shows the result of the separation. 
The other way was a software developed by us and called GerKiDo, which was built on the free Fityk 0.98 software. The data were loaded into this software. Different curves can be fitted to selected measuring points by the aid of this program. There are 30 types of curves that can be fitted
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Materials Science, Testing and Informatics VI to the raw curve, such as Gaussian, Lorentzian, PseudoVoigt. Lorentzian method was used to fit to every one of the peaks. There are such a small crystalline parts in the high amorphous matrix, that the physical broadening covers the separate of K α1 and K α2 . This fitting can be used for amorphous halo, as well. The compare of different fitting processes are shown in Fig. 3 . Observing the figure, the deviation between the origin and the fitted points by Pseudo Voight and Lorentzian justified that the process by Lorentzian was suitable for fitting.
Fig. 3 Difference of the origin and fitted points by a) Pseudo Voight and b) Lorentzian given in cps
The program runs automatically and can be corrected manually defining the peak points, the full width at half maximum (FWHM) and height. Furthermore, the Lorentzian curves were optimised by the Levenberg-Marquardt algorithm and fitted to the raw, measured curves. The software could separate the origin curve to subcurves of every single crystalline peaks and the amorphous halo resulting as many Lorentzian curves as many crystalline peaks and the amorphous halo are presented in the raw curve (Fig. 4) . Fig. 4 The origin and the subcurves Data files can be exported containing the parameters of curves. The Lorentzian curve of the amorphous part fitted by the Levenberg-Marquardt algorithm and the origin curve were imported into the GerKiDo. This program is written in one of the recent most popular programming language, Java. Java language was used because of the platform independence (it runs on all of the major platforms) and easy to create a Graphical User Interface (GUI). The amorphous fraction can be calculated after measuring the area under the curves. Numerical integration was used to calculate the area under the curves. Several of numerical integration, the Gauss-Legendre was applied. The software calculates by Eq. 1. The analyses of the milled powder are more complicated than the analysis of the curves of the cast samples. These XRD patterns need to be smoothed before the analysis because of the noise of the curve. Fig. 5 presents typical XRD patterns of the amorphous and the amorphous/nanocrystalline powders. 6 shows the typical, schematic DSC curves of fully and partially amorphous alloys. DSC curves of fully amorphous alloys show occasionally a small endothermic peak and subsequently a sharp exothermic peak. The first endothermic deviation from baseline is named as glass transition temperature (T g ) and the sharp exothermic peak belongs to first crystallization of amorphous matrix. The onset of this peak is called the crystallisation temperature (T x ). The peak temperature of this crystallization is characteristic to the amorphous/crystalline transformation. The peak area diminishes according to the decrease of the amorphous volume fraction, but the impurities can influence the peak area particularly the dissolved oxygen content of amorphous sample as is well known in the literature [6] . The peak position shifts towards higher temperatures decreasing the amorphous volume fraction. Comparing the integrated area corresponding to the amorphous alloy to the integrated area of the partially amorphous alloy, the amorphous fraction can be calculated. 
The results were summarized in Table 1 . In this Table, the results of the cast and milled alloys with different compositions were collected in order to compare the data quantified by different methods.
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Materials Science, Testing and Informatics VI The results of XRD pattern calculated by two different methods present A sample showed negative volume fraction measured by DSC, while the values determined by XRD methods were 83 and 85, respectively. It should be remarked that the evaluation of the crystallisation was found sensitive to the impurities, especially to the oxygen, because the peak of formation of oxides was overlapped the signal of the crystallisation.
Summary
Determination of the amorphous fraction is an important step producing of alloys with amorphous or amorphous/nanocrystalline structure. There is some methods to do the analysis, but there is no unique and exact quantification, because there is many uncertainty on it. The quantification of the XRD pattern with the software developed by us, called GerKiDo combined with Fityk can be accomplished successfully. These calculated values were compared to the results measured by the software settled in the X-ray equipment and by DSC. As the results of DSC were found sensitive to the impurities, especially to the oxygen, it can be most used with caution to quantify the amorphous fraction. Two methods of XRD evaluation provided the same results. GerKiDo combined with Fityk can be applied to obtain amorphous fractions fast and correct.
